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isk Stratification After
yocardial Infarction
oward Novel Quantitative Assessment
f Left Ventricular Mechanics?*
uc A. Piérard, MD, PHD,
atrizio Lancellotti, MD, PHD
iège, Belgium
he prognosis of patients after acute myocardial infarction
AMI) depends on infarct size and left ventricular (LV)
ysfunction. The extent of myocardial salvage relies on rapid
nd sustained myocardial tissue reperfusion. Preservation of
yocardial viability can be followed by functional recovery,
pontaneously when the myocardium is stunned, or after
estoration of sufficient blood flow and flow reserve in the
resence of hibernation (1). In contrast, transmural necrosis
ight lead to infarct expansion; progressive LV remodeling;
nd in turn, LV dysfunction, secondary mitral regurgitation,
nd heart failure, all associated with worse outcome.
See page 1812
Echocardiography has become the technique of choice
o evaluate LV function and stratify risk after AMI.
everal parameters obtainable by Doppler echocardiog-
aphy provide prognostic information: LV volumes, left
entricular ejection fraction (LVEF), wall motion score
ndex (WMSI), mitral regurgitation, E/E= ratio, left
trial size, and right ventricular function (2). Both LVEF
nd WMSI are strong predictors of all-cause mortality
fter AMI. Mortality increases exponentially with de-
reasing LVEF, whereas it increases linearly with in-
reasing WMSI.
Left ventricular ejection fraction is a marker of global
V systolic function, whereas WMSI allows better eval-
ation of LV regional dysfunction (3). However, low
VEF does not necessarily reflect the extent of reduced
ontractile function resulting from myocardial injury but
an result from LV dilation and stretching of the myo-
ardial scar. In contrast, LVEF might be almost normal,
Editorials published in the Journal of the American College of Cardiology reflect the
iews of the authors and do not necessarily represent the views of JACC or the
merican College of Cardiology.s
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iège, Belgium. The authors have reported that they have no relationships to disclose.espite extensive regional wall motion abnormalities due
o compensatory regional hyperkinesis and/or ischemic
itral regurgitation. In addition, WMSI seems to better
eflect the magnitude of myocardial damage and has been
hown to be a powerful predictive parameter, particularly
n the pre-thrombolytic era (4). Early after AMI, both
VEF and WMSI might be misleading, owing to the
resence and extent of salvaged but still dyssynergic
yocardium (3,4).
These classical parameters are limited by several draw-
acks. Left ventricular ejection fraction is load depen-
ent, and standard volumetric approaches to its measure-
ent might be influenced by imaging quality, technical
onsiderations such as off-axis imaging, and measure-
ent errors. The assessment of regional function is more
ifficult, remains subjective, and requires training and
xperience.
Recently, new echocardiographic modalities providing
ew insights into cardiac mechanics have been developed.
peckle tracking is a recently validated method that is
ngle-independent (an advantage when compared with
issue Doppler imaging) and provides the assessment of
train and strain rate, which accurately reflect intrinsic
easures of myocardial contractility and offer the oppor-
unity of examining longitudinal and circumferential
otion of the heart (5). The ventricular myocardium is
nown to exhibit a complex spatial organization, with
ber orientation varying as a function of transmural
ocation. The subendocardial layer of fibers has an
blique clockwise orientation in the longitudinal direc-
ion and contributes mainly to the long-axis function.
he middle layer is wrapped circumferentially, and the
uter subepicardial layer is arranged in an oblique anti-
lockwise direction and contributes to thickening and
hort-axis function via cross-fiber shortening (6 – 8). Be-
ause the subendocardial fibers are the most sensitive to
yocardial hypoperfusion, the longitudinal function is
he first to be altered in the presence of ischemia. In the
etting of AMI, the combined assessment of long-axis
nd short-axis function with 2-dimensional strain has
emonstrated excellent ability to differentiate between
ifferent levels of infarct size. Subendocardial infarction
s associated with a reduction in longitudinal strain,
hereas radial and circumferential functions are relatively
reserved or mildly impaired. In contrast, transmural
nfarction is associated with a severe reduction of both
ong- and short-axis function. Thus, the average strain
rom all myocardial regions, reflecting the total extent of
he whole myocardial damage after AMI, provides a
etter surrogate for the assessment of global residual LV
ontractile performance. However, the independent
rognostic value of strain imaging after AMI has not
een fully examined (9,10). An advantage of the speckle
racking method is that it can be applied to previously
tored grey-scale imaging and permits a retrospective
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Risk Stratification After MI November 23, 2010:1823–5nalysis of prospectively recorded data. In this issue of the
ournal, the VALIANT (Valsartan in Acute Myocardial
nfarction Trial) investigators have applied this method
n a series of patients from the VALIANT echocardiog-
aphy study (11).
The VALIANT study was designed to test the efficacy
nd safety of long-term treatment with valsartan, capto-
ril, or their combination after AMI in 14,703 patients
ith LV dysfunction (LVEF 35% on echocardiogra-
hy), clinical signs of heart failure, or both (12). The
ALIANT echocardiography study enrolled 603 patients
with acceptable images) from the VALIANT population
ho underwent serial echocardiographic evaluation of
V function (11). Of these patients, 20% had LV
ysfunction, 50% received a diagnosis of clinical heart
ailure, and 30% had both. Velocity vector imaging, a
-dimensional image-based approach, was used to assess
egional myocardial deformation. Longitudinal (assess-
ble in 380 patients) and circumferential (assessable in
20 patients) strain and strain rate were measured; both
ere available in a total of 311 cases. A composite
ongitudinal strain rate value for each patient was derived
rom the mean value of 12 segments from the apical
indow, and the representative circumferential strain rate
f each patient was composed of the mean value from 6
V mid-wall short-axis segments. Both longitudinal and
ircumferential strain rate were predictive of death or
ospital stay for heart failure. Longitudinal strain rate
dded significant incremental value in the prediction of
ll-cause mortality beyond clinical variables, LVEF, and
MSI. Lower strain rate values identified patients at
ncreased risk of events, whereas the highest strain rate
alues were associated with very few events during the
-year follow-up. These data reinforce the recent results
eported by Park et al. (9) and Antoni et al. (10). The
ALIANT echocardiography study also showed that
ircumferential strain rate but not longitudinal strain rate
as strongly predictive of LV remodeling (defined as
15% increase of LV end-systolic volume), suggesting
hat preserved circumferential function might serve to
estrain ventricular enlargement after AMI. The limited
alue of long-axis function to predict LV remodeling
eflects the complex interdependence among ventricular
hape, infarct size, and myocardial deformation. In the
cute phase, the decrease in long-axis function relates to
oth the subendocardial necrosis and the magnitude of
ost-AMI remodeling process. Thus, regardless of infarct
ize, longitudinal strain also decreases proportionally to
he graded increase in end-systolic volume. Such a
eduction in long-axis function is thus in part related to
he more transverse alignment of both longitudinal
ounter-directional helical muscle fibers secondary to LV
xpansion (13). The short-axis function is less affected by
he remodeling process. It is relatively preserved until
everely enlarged and decreases gradually with the trans-
ural extension of necrosis. It is well known that theresence of residual viability in the infarct territory can
avorably influence LV remodeling. Even if recovery of
ontractile function is not observed soon after reperfu-
ion, the presence of viable myocardium in the outer
ayers of the ventricular wall might contribute to the
aintenance of ventricular shape and size by preventing
nfarct expansion. The present VALIANT study con-
rms and extends these physiopathological consider-
tions. With extensive necrosis, the short-axis function
ails to overcome increased wall stress related to LV
olume expansion, which in turn leads to a vicious
emodeling process. Thus, a certain level of circumferen-
ial (mid-wall) function is required for maintaining LV
tructure and shape after AMI. The LV contractile pattern is
ully characterized not by the amplitude of strain rate but also
y its timing. Indeed, LV dyssynchrony is an independent
redictor of poor prognosis in heart failure patients (14). The
ALIANT echocardiography investigators have recently
bserved in the same population, with the similar speckle
racking with velocity vector imaging, that the SD between
ime to strain rate among LV segments was independently
ssociated with increased risk of death or heart failure after
MI (15).
Practically, the results of the VALIANT echocardiogra-
hy study clearly underscore the added value of quantifying
V systolic function by strain rate analysis after AMI.
eprint requests and correspondence: Dr. Luc A. Piérard,
niversity Hospital Sart Tilman, Department of Cardiology,
-4000 Liege, Belgium. E-mail: lpierard@chu.ulg.ac.be.
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